Abstract: The acetylcholine (ACh) dependent K + current (I K,ACh ) is an important regulator of heart rate. I K,ACh is activated by G βγ subunits released by the G proteincoupled muscarinic receptor (M2R). I K,ACh modulation by M2R is both voltage-and ligand-specific, such that ACh activates I K,ACh at hyperpolarized membrane potentials, while pilocarpine (Pilo) activates I K,ACh at depolarized potentials. A previously developed Markov model of M2R and G βγ activation of the G-protein inward rectifier K + channel (GIRK) is used to investigate the voltage-and ligand-specific modulation of I K,ACh . This work shows that the opposite voltage-dependent behavior of M2R activation of I K,ACh can be recreated by solely adapting the ligand dependent parameters of the given model for each ligand.
Introduction
M2R plays a crucial role in regulating heart rate variability and vulnerability to atrial arrhythmia by modulating I K,ACh . Cardiac I K,ACh channels are heteromultimers composed of two homologous GIRK subunits, GIRK 3.1 and 3.4. ACh activation of M2R triggers dissociation of G βγ subunits that in turn directly activate GIRK subunits to conduct I K,ACh . [1] recently described unique ligand-and voltage-dependent properties of M2R activation of I K,ACh and proposed a novel mechanism to explain the enigmatic I K,ACh relaxation process. I K,ACh relaxation refers to a slow decrease or increase in current magnitude with depolarization or hyperpolarization, respectively. In [2] it was demonstrated that I K,ACh relaxation represents a voltagedependent change in agonist affinity as a consequence of a voltage-dependent conformational change in the M2R. Here, we adapt an earlier model of I K,ACh to fit the data for 3µM Pilo and 0.1µM ACh using an identical description of voltage-dependent parameters and only modulating the ligand-dependent parameters. 
The calculation is based on [3] .
where [K + ] o is the extracellular K + concentration, E K the Nernst potential and g K,ACh the conductance . Comparison -Error function: To compare the simulated to the measured currents from [1], both were fitted to a monoexponential equation:
Resulting in the features C on , A on and τ on for the activation clamp protocols and C of f , A of f and τ of f for the deactivation clamp protocols. The error function from [2] was altered to evaluate the resulting currents for both ACh and Pilo simultaneously. The behaviour of the 6-state model was on the other hand solely evaluated on its behaviour for ACh.
with f m,i being the measured features and f s,i the simulated features.
Results
Adaptation results: The resulting parameters of the adaptation are shown in Tab. 2 and the simulated currents for the deactivation and activation protocols can be seen in Fig.  2 and Fig. 3 . The resulting fit error for the adaptation with ACh was 0.74 and 0.47 with Pilo. 
Discussion
The combined model is able to reconstruct the behaviour of the M2R as a reaction to a concentration of 0.1µM ACh or 3µM Pilo with its parameters only differing in ligand influenced parameters. The resulting error of the adaptation is the same for ACh in comparison to [2] , where the resulting error was 0.835 instead of 0.79. But for Pilo, a mayor improvement of the resulting error from 0.818 to 0.47 could be achieved. As for the resulting parameters nearly every parameter changed slightly or even more. We conclude that the simultaneous adaptation reduces the resulting errors. We will investigate if this behaviour can be achieved for different ligand concentrations as well [1]. 
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